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We look at how chip makers and equipment 
suppliers have adopted manufacturing 
technology from the silicon industry as the 
compound semiconductor industry has 
matured, production throughputs have 
increased, and yield requirements have risen. 
Adaptation of silicon 
manufacturing technology 
to compounds 
Taiwanese GaAs 
foundries WIN, 
A WSC, GCT and 
5untek have 
been recruiting 
staff [TOm silicon 
foundries in 
Taiwan who are 
familiar with 
high-volume 
manufacturing. 
Recent years have seen explosive development of
the compound semiconductor industry from small- 
scale demand for niche applications to high-vol- 
ume demand for consumer applications such as 
mobile phones.This has had two consequences. 
Firstly, throughput has had to increase dramati- 
cally in fabs. 
Secondly, the transition from 4" to 6" GaAs wafers, 
in particular, has enabled the use of equipment 
designed for processing either (i) silicon or (ii) 
compound semiconductors (but using manufactur- 
ing technology adopted from the silicon industry). 
Those that have transitioned to using 6" GaAs 
wafers include chip manufacturers Vitesse, 
Motorola, ANADIGICS, lnfineon, RF Micro Devices, 
Agilent and Fihronic Compound Semiconductor, 
as well as many of the epi-wafer foundries. 
Some (such as Motorola,Agilent and Infineon) 
have either converted 6" silicon fabs to 6" GaAs 
fabs or are processing 6" GaAs in the same facili- 
ties as 6" silicon (and are therefore making use of 
synergy between production capabilities and staff 
experience). For example, Filtronic bought he 
ex-Filtronic silicon DRAM fab in Newton Aycliffe, 
County Durham, UK, as well as much of the 
equipment, and staffed it with many people from 
silicon manufacturing familiar with high-though- 
put,high-yield automated manufacturing. 
Likewise,Taiwanese GaAs foundries WIN, AWSC, 
GCT and Suntek have been recruiting staff from 
silicon foundries inTaiwan who are familiar with 
high-volume manufacturing. 
Cluster tools and automated 
wafer handling 
The need to increase productivity has led to a trend 
to equipment with higher throughput, through 
scale-up to multi-wafer chambers, modular "clusted' 
tools and therefore (by necessity) automated 
wafer handling. 
In January 200OApplied Epi Inc (St Paul, MN, USA) 
- then called EPI MBE Products Group - launched its 
GEN2000, claiming to be the first to apply silicon- 
like cluster tool wafer transfer to a UI-IV MBE system 
(able to simultaneously process 7 x 6" wafers 
and reduce per-wafer cost). Likewise the 4 x 4" 
or 7 x 3" GEN200 system also incorporates an 
automated multi-wafer handling cluster tool, while 
the 2nd-generation dual-reactor GEN20OO hunched 
in May doubles the 7 x 6" tool's throughput. 
The GEN2000 or GEN200 can be equipped with 
two load-lock modules (with "through-the-wall" 
access), so that a platen of wafers can be 
unloaded from the exit load-lock while a second 
batch is being processed in the reactor and a 
third is being loaded in to the entry load-lock 
(before a robot arm transfers the platens). 
According to Trikon Technologies Inc (Newport, 
Wales, UK) - a long-term supplier to the produc- 
tion silicon industr-, it has addressed the needs of 
the III-V market by offering tools that show: pro- 
duction worthiness for volume manufacturing, 
yield, and reliability. 
For its Omega 201 plasma etcher, Trikon says few 
modifications were needed for III-Vs (for which 
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Figure 7, Schematic diagram showing the configuration of 
Trikon's fXp cluster tool. 
wafer damage neects to be reduced) since a dual RF 
system (providing a plasma source at the top of the 
chamber and bias power to the wafer when need- 
ed) is used fi~r all three available process chambers: 
° Plasma Faahanced PIE (PERIE), which can etch 
a range of dielectrics and allowing down-stream 
capability (attractive for production ofT-gates 
since it enables two etching steps in one chamber). 
• Inductively Coupled Plasma (ICP), for which 
no change to the chamber is needed for front- 
face etching of GaAs,AIGaAs, InP, nitrides etc. 
• MOR,: which can sputter etch non-volatile 
materials uch as gold. 
Also, a hot electrostatic chuck originally designed 
for etching copper on silicon is now used for InP. 
The rise in its use in production has led Trikon to 
also launch a multi-chambered cluster tool at 
April's SEMICON Europa show - the OmegafxP 
(see Issue 4, page 22).This combines the Omega 
chambers with a Brooks Automation MX 800 
automated wafer handler in its latest-generation 
fxP cluster platfornl (with up to six process 
modules), designed for high throughput, high 
productivity or sequential process teps. 
Trikon also modified its Delta 201 CVD tool 
(developed for silicon) several years ago for 
dielectric deposition for GaAs, but likewise the 
DeltafxP cluster tool will be available later this 
year with up to six process chamber module 
positions (see this issue, page 20). 
For metallisation for GaAs,Trikon says many man- 
ufacturers are considering replacing evaporation 
with sputtered PVD (particularly for lift-off). It says 
its sputter cluster tool (established in silicon metalli- 
sation) offers increased evice yield through reduced 
gate leakage and improved particle performance. 
The large platens of evaporators (for parallel dep- 
osition of a batch of wafers) require slow manual 
loading.Although some suppliers are starting to 
build cassette-to-cassette evaporators, they still 
need to be opened up and pumped down for 
each loading. Sputter cluster tools have automat- 
ed cassette-to-cassette loading (and are therefore 
more compact, require fewer operators, are faster 
and suffer fewer wafer breakages), have a load- 
lock the size of the cassettes (requiring a short 
pump-down and enabling the modules and clus- 
ter core to remain under vacuum) and sequential 
processing of individual wafers (e.g. for three~ 
layer metailisation such as Ti /~/Au, three wafers 
can be in the system at the same time). 
Consequently, due to the modular, multi-chamber 
configuration of a cluster tool (e.g. for the gold 
interconnect seed layer), one cluster tool is said 
to be able to replace several evaporation tools. 
But directionality for PVD is not as good as evapora- 
tion (which is a point source). Less directionality- 
is preferred for back-side via applications, but 
this can make lift-off processing more difficult. 
However, a long-throw module (with better 
directionality) can be used which was originally 
developed for silicon liner applications. 
Automated wafer handling 
In May Brooks Automation Inc defect rate. Replacing wafer 
(Chelmsford, MA, USA) shipped handling with robotic handling 
its 1000th cluster tool to a improves profit  by reducing 
major Original Equipment labour costs and minimising 
Man ufacturer, down-time. 
"A decade ago, growth in the Brooks' cluster tools (which are 
semiconductor market drove designed accord ng to SEMI 
equipment manufacturers to standards and meet all safety 
increase tool productivity, relia- CE and $2 requirements, it says) 
bility, and reduction in defects," consist of the original first-gen- 
said Chuck McKenna, executive eration Marathon, and newer- 
vp, Automation Solutions generation Marathon Express, 
Division. More than 80 OEMs Atmospheric Express, Gemini 
now use Brooks' tools. Express and Hercules Express. 
A cluster tool can replace sever- * According to a report by mar- 
al stand-alone tools, saving fab ket research company The 
space. Maintaining wafers in a Information Network on 
controlled environment allows "Cluster Tools in IC Processing: 
multiple process steps to be per- Technology and Market  
formed without requiring an Forecasts", the worldwide mar- 
extra process to restore the ket for equipment with cluster 
wafer surface between process- tools will rise more than 24% in 
es. The ultra-clean environment 2001 to US$26bn. The whole 
maximises product yield, front-end wafer-processing sec- 
improves quality, and reduces tor will grow 22.8%. 
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"The wide 
acceptance of 
the RPM#ooo 
demonstrates 
the turn towards 
automation and 
standardization 
of process 
control 
procedures• 
This is similar 
to what the 
semiconductor 
industry did in 
its infancy in the 
197os." 
Raj Mundhe,  
Accent  Opt ica l  
Technologies 
Process control and 
automated wafer handling 
After launching its first rapid photoluminescence 
mapper system (the RPM2000) just over 2 years 
ago, in May opto process control and measure- 
ment tool supplier Accent Optical Technologies 
(Bend, OR, USA) sold its lOOth RPM system to 
long-wavelength laser developer Nova Crystals 
(see page 20). Launched in May 2000 the 
RPM4000 is a full), automated, room-temperature 
PL mapping system with wafer handling. 
Customers are finding that they no longer have 
to use random sample measurement, but can 
afford to test every wafer, says Raj Mundhe, vp 
Sales, Marketing and Business Development, 
Optoelectronics Division. 
"The wide acceptance of the RPM4000 demon- 
strates the turn towards automation and stan- 
dardization of process control procedures.This is 
similar to what the semiconductor industry did 
in its infancy in the 1970s," Mundhe adds. 
Fab automation software 
Optoelectronics is a fast-growing market and - 
especially due to the integration of components 
such as lasers and receivers with optical modules 
and fibre - it requires factory management soft- 
ware (e.g. Manufacturing Execution Systems) to 
manage the increasingly complex manufacturing 
operations. 
Such integrated factory and tool automation soft- 
ware is provided by Brooks Automation, which 
also provides vacuum and atmospheric robots, 
cluster tool platforms and modules, ultra-clean 
mini-environments for isolating processing equip- 
ment and wafers, and integration services. 
For example, in April - to ramp its fab to high-vol- 
ume production - tunable laser developer Agility 
Communications Inc (Santa Barbara, CA, USA) 
ordered US$ l m-worth of computer integrated 
manufacturing (CIM) solutions from Brooks, 
including: 
* FACTORYworks (MES); 
• APF (planning, simulation and despatch); 
• Xsite (equipment management); 
• STATIONworks (equipment automation); and 
• Patterns (fault detection) software solutions. 
MES and real-time despatching solutions (to 
increase both yield and throughput) are 
developed to help them control quality, optimise 
production, accurately predict future capacity 
requirements, and contain manufacturing costs," 
says Jim Pelusi, senior vp of Brooks Automation. 
The agreement with Agility demonstrates it ability 
"to support a broad range of applications outside 
of semiconductor [silicon] manufacturing includ- 
ing optoelectronics, flat panel display and other 
related industries," says Brooks. 
Agility's chief operating officer Jim Haynes says 
"This purchase immediately gives us an improved 
process and work-in-progress control in our facil- 
ity and puts us ha an excellent position for future 
expansion". 
In May, automation systems, oftware, and servic- 
es supplier PRI Automation Inc (Billerica, MA, 
USA) was selected by "a leading manufacturer of
optoelectronic devices used in fibre-optic net- 
works" to provide US$2m-worth of integrated 
factory management software solutions and inte- 
gration services for their manufacturing opera- 
tions in Massachusetts and New Hampshire, 
including: 
• PROMIS MES software; 
• Leverage for Operational Planning and 
Leverage for Scheduling; 
• Several modules of PRI's Encore! MES solution 
including Encore! Composer and Encore! 
Performance for PROMIS; 
• Encore! FAbuilder equipment integration and 
station control software; 
• WorkFlow Manager; 
• On-site PRI consulting and integration 
services; 
• Advanced Planning and Scheduling (APS) soft- 
ware. 
The aim is "to streamline the efficiency of its 
manufacturing operations," according to Rick 
Vatcher, vp and general manager of PRI's soft- 
ware division. 
According to Henry Watts, vp advanced planning 
and scheduling software group, the planning and 
scheduling products will be integrated with the 
customer's Enterprise Resource Planning (ERP) 
system to define and execute manufacturing 
strategies that are continuously optimised for 
their manufacturing capability.The PROMIS MES 
operational planning software will become a
key component of their enterprise integration 
framework," he adds. 
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Automated assembly & 
packaging 
Such is the growing importance of automation i
chip assembly and packaging too that, in February, 
JDS Uniphase acquired Optical Process 
Automation Inc (Melbourne, FL, USA, with opera- 
tions also in Asheville, NC, USA), which designs 
and manufactures automated and semi-automat- 
ed systems for making fibre-optic omponents 
and modules. 
"Expertise in wafer-scale package and process 
design, optical/semiconductor equipment design, 
and high-volume automation techniques will be a 
key aspect of differentiation i the optical com- 
ponent and module industry over the next few 
years", says OPA president and CEO Joseph Baggs. 
In February, to support he mixed-signal commu- 
nications market segment, ST Assembly Test 
Services (Singapore and Milpitas, CA, USA) 
expanded its GaAs capability to support package 
assembly for ICs on pre-sawn wafers down to 
100 ~am thick. Previously, STATS offered mechani- 
cal backgrinding and wafer saw services, 
mechanical backgrinding with full assembly, and 
assembly on thinned wafers. 
STATS says it has refined the wafer handling pro- 
cedures and processes on its silicon manufactur- 
ing equipment for the "unique handling chal- 
lenges associated with supporting GaAs". 
STATS has also built a comprehensive management 
program for its GaAs assembly area that includes 
a separate sludge and waste water management 
system for backgrind and saw equipment. 
In April Palomar Technologies (Vista, CA, USA) 
introduced the automated Laser Diode Attach 
system for packaging InP-based optoelectronic 
devices (see page 21).The programmable closed- 
loop system gives tightly coupled control and 
repeatability of eutectic reflow processes with 
increased yield while maintaining a final place- 
ment accuracy of +5 pro. 
The assembly cell positions the substrate, carrier, 
or sub-mount in the pulse heat unit, accurately 
places a eutectic preform, heat spreader/spacer, a 
second preform, places the laser diode, and pulse 
heats the entire stack.This ub-mount is then 
placed onto a thermal electric cooler in the 
optoelectronic package. Palomar adds that the 
large open architecture optical breadboard has 
the flexibility to accommodate many opto 
assembly operations, including photodetectors. 
Epitaxy of SiGe and silicon 
Another trend impacting epitaxial deposition 
technology is the increasing take-up of silicon- 
germanium and silicon epitaxial processing. 
For example, in November 2000 epi-wafer foundry 
IQE (Cardiff, Wales, UK) formed its IQE Silicon 
Compounds epi business.Also, the proliferation of 
SiGe process technology from IBM to the likes of 
high-volume "pure play" silicon foundries TSMC 
and UMC in Taiwan (see page 16) is raising inter- 
est from equipment manufacturers for highly auto- 
mated, epi processing and analytical equipment 
(for wafers up to 200 mm in diameter). 
In April Philips Analytical launched its DCD Pro 
X-ray Diffraction Analyzer (see Issue 4, page 17), 
which performs ultra-fast rocking curve wafer 
mapping of epi-layer thickness and composition 
for both process development and high-volume 
production control.Applications i clude SiGe HBTs. 
With automated handling and data analysis, a cas- 
sette of 25 wafers can be measured and analysed 
within 1 hour, and epi-layers thinner than 20 nm 
measured in less than a minute. Faster measure- 
ments improve throughput, and lead to improved 
yields: wafers that fail to meet specifications can 
be removed from further processing, eliminating 
expensive post-epitaxial production steps on 
faulty wafers. Cassette-to-cassette tools also help 
to integrate the equipment into the fab line. 
Also, in.April 2000 AIXTRON (Aachen, Germany) 
launched the Tricent MOCVD system for the dep- 
osition of ferroelectric materials (e.g. SBT, PZT, 
for non-volatile memories with low voltage and 
high-speed write) and high-k materials for capaci- 
tor (BST) and gate (ZrO2, HfO2) dielectrics (to 
replace the standard Si-based gate materials and 
to reduce the effective oxide thickness in future 
1 and 4 Gb DRAM silicon devices). 
The Tricent is a 200/300 nun cluster (bridge) tool, 
with a capacity of up to four individual MOCVD 
modules hooked up to a central Brooks Gemini 
wafer handling platform in a parallel cluster 
architecture. 
This shows that, while silicon manufacturing 
technology will be adopted increasingly for high- 
volume manufacturing of compound evices, as 
silicon device technology exceeds the capabilities 
of long-established materials and requires the 
introduction of advanced materials, o com- 
pound manufacturing technology can corre- 
spondingly be adopted by the silicon industry. 
"Expertise in 
wafer-scale 
package and 
process design, 
opticoU 
semiconductor 
equipment 
design, ond 
high-volume 
outomotion 
techniques will 
be o key ospect 
of di[~erentiotion 
in the opticol 
component ond 
module industry 
over the next few 
yeors" 
Joseph Baggs, 
Optical Process 
Automation Inc 
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